INL/EXT-18-50114
Revision 0

Completion of the ATR
LEU Conversion
Conceptual Design

Thomas Maddock, Joe Palmer

March 2018

% The INL is a U.S. Department of Energy National Laboratory
operated by Battelle Energy Alliance

ldaho National
Laboratory



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.




INL/EXT-18-50114
Revision 0

Completion of the ATR LEU Conversion Conceptual
Design

Thomas Maddock, Joe Palmer

March 2018

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy
Under DOE Idaho Operations Office
Contract DE-AC07-051D14517






Completion of the ATR LEU Conversion Conceptual
Design

INL/EXT-18-50114
Revision 0

March 2018

Approved by:

See eCR 657514

Eric Woolstenhulme Date
ATR LEU Conversion Project Manager

See eCR 657514

Thomas Maddock Date
ATR LEU Conversion Technical Lead

See eCR 657514

Joe Palmer Date
Design Review Chairman

See eCR 657514

Anne McCartin Date
ATR Nuclear Safety



v



SUMMARY

The Advanced Test Reactor (ATR) Low Enriched Uranium (LEU)
Conversion Project at the Idaho National Laboratory (INL) has been
developing a new fuel element design capable of converting the ATR from
Highly Enriched Uranium (HEU) to LEU fuel. A single concept was
selected and analyzed in a series of reports. On October 26, 2017 a
Conceptual Design Review kickoff meeting was held. Reviewers took the
next two weeks to document their comments on the design and analysis.
Those comments have been resolved to the satisfaction of the reviewers.
Not all of the known issues and short comings of the design have been
resolved. Some may never be resolved but mitigation strategies are being
developed that should reduce the impact to acceptable levels. It is
recommended that the current design be approved by the U.S. High
Performance Research Reactor (HPRR) Program for fabrication and used
for the ET-1 base fuel qualification test. It is also recommended that
analysis for the conversion of ATR and ATR Critical reactors and the
necessary Safety Analysis Report (SAR) addendums for the testing of the
ATR LEU elements proceed using the current design. Where there are
remaining ambiguities in the design specifications or drawings, it is
recommended that they be clarified with revisions or superseding
documentation.
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Completion of the ATR LEU Conversion Conceptual
Design

1. Design Review

In accordance with PLN-5391, “Conceptual Design Plan for the ATR LEU Conversion Element,” a
conceptual design was developed for a new element to convert the ATR to LEU fuel. During
development work, the fuel element was designated Mark 1A Enhanced LEU Fuel (Mark 1A ELF). PLN-
5391 outlined a series of four hypothetical ATR cycles that would be analyzed to determine if “the fuel
design has a high probability of meeting the ATR operational and safety objectives.” The analysis of
those cycles is complete, and the conceptual design review has been held.

The review period was initiated with a kick-off meeting held October 26, 2017. The design review
package (Table 1) was presented and reviewer responsibilities and expectations discussed. Presentations
by the project team included a project overview and summaries of the neutronic, thermal, and structural
analyses. The participants were instructed to review the design in accordance with their knowledge area
and submit written comments, questions, or deficiencies (CQDs). The CQDs were received from
reviewers on Form 412.13. Their comments were resolved and acceptance signatures were received. The
412.13 forms are attached in Appendix B.

2. Documentation

The documents shown in Table 1 were provided to the reviewers. All documents were released or in a
final draft form having been technically checked previous to the review. All of the ATR LEU Conversion
Project’s conceptual design work was done at quality level 3. Independent peer reviews are not required
at the INL for quality level 3 work, but were performed regardless because of the importance of the
conceptual design. When the final design phase begins, all documents used to support the development of
a SAR addendum or a SAR revision will be performed as Safety Structure System or Component (SSC)
applicable. Recent changes to INL procedures created the Safety SSC applicable designation for
Engineering Calculation and Analysis Reports (ECARs), which is similar to quality level 1 in the old
procedures. Regardless of the terminology, work done to support a nuclear facility’s safety basis will be
performed with the highest level of rigor, whereas conceptual work was done to a lower level of rigor.

An additional conceptual document is being created to supersede TEV-1972, “Conceptual Design
Parameters for ATR LEU U-MO Conversion Demonstration Experimental Irradiations.” The new
document was not subject to the design review and is also quality level 3. It has been created at the
request of the U.S. HPRR Program Fuel Qualification pillar to provide expected ATR fuel plate power,
flux, and burnup information, as opposed to conservative or bounding values presented in other
conceptual design documents. This document supports the design of future irradiation tests and will be
provided to the Reactor Conversion pillar lead to share with the other pillars upon completion.

Table 1. Conceptual Design Documents Subject to Review.

Document Identifier Document Title

ECAR-3908 Serpent Model Used in ELF Mk 1A Conceptual Design Neutronic Analysis
ECAR-3909 Results of ELF Mk 1A Conceptual Design Neutronic Analysis
ECAR-3162 Rev 0 ELF Concept Structural Evaluation for ATR Vessel Loadings
DWG-604400 Rev 0 ATR Mark 1A ELF Fuel Element Drawing

SPC-1694 Rev 0 ATR Mark 1A ELF Fuel Specification




1129-0076-CALC-002 ATR LEU Cycle R1 Analysis

1129-0076-CALC-003 Mark 1A ELF Thermal Hydraulic Inputs

1129-0076-CALC-006 ATR LEU Cycle R2 Analysis

3. Reviewers and Attendees

Three mandatory reviewers were selected by the ATR Conversion project to review work in their
fields of expertise. Hikaru Hiruta reviewed the neutronic ECARs. Nolan Anderson reviewed the
thermal/hydraulic Calculation Reports (CALCs), and Nate Oldham reviewed the fuel element drawings
and structural ECARs. All others who attended the conceptual design review kickoff meeting were
invited to review the documents and provide comments if they desired.

Table 2 is a list of attendees at the design review kickoff meeting. It also shows who submitted a
written comment sheet. The attendance sheet is attached as Appendix A. All of the comment sheets are
included in Appendix B.

Table 2. Attendees at the Conceptual Design Review.

Name Organization Review Status
Gable Roth INL

Charles Maggart DOE-NE

Andrew Keene MPR

Brian Hallee MPR

Mary Rose Holtz INL

Boyd Christensen INL Comments Received
Zain Karriem INL

Jeff Brower INL Comments Received
Nolan Anderson INL Mandatory Reviewer — Thermal/Hydraulic
Hikaru Hiruta INL Mandatory Reviewer - Neutronic
Adam Robinson INL

Vern M Peterson DOE-ID

Ryan Little INL

Aleksey Rezvoi INL

Vic Pearson DOE

Evan Nef INL

Eric Woolstenhulme INL

Thad Heltemes ANL

Nick Woolstenhulme INL

Barry Rabin INL

Erik Wilson ANL

Tom Maddock INL

Jody Henley INL

Anne McCartin INL Comments Received




Nate Oldham INL Mandatory Reviewer - Mechanical
Demetrius Siachames MPR
. Did not attend kickoff meeting but compiled and
John Stillman ANL submitted all ANL comments
Jeff Sherman INL Comments Received
Joe Palmer INL Design Review Chairman

4. Recommendations

The ATR LEU Conversion Project has spent many years performing scoping studies and conceptual
work. The final set of conceptual design documents subject to this review has shown the design is
mature enough to move beyond the conceptual phase. The project recognizes that there are still
outstanding questions and issues that need to be resolved. The conceptual analysis provides a high
level of confidence that the remaining issues can be overcome using the current conceptual design as
the basis. The details of those solutions will need to be determined in the final design and will require
element testing.

It is recommended that the final design process for the ATR conversion begin immediately. The most
notable change in the transition from conceptual to final design will be the types of documents
created and their quality level. Final design documents will be performed as safety SSC applicable to
support element testing in the ATR which will require safety basis changes. Those changes will come
in the form of SAR addendums and revisions.

The element drawing and fuel specification were acceptable for a conceptual design, but lacked some
of the detail required for final design and fabrication. The element drawings should be redrawn using
3D parametric design software. A revised drawing and fuel specification should be released and sent
to the U. S. HPRR Fuel Fabrication pillar to confirm that minor changes or clarifications do not affect
the ability to fabricate the fuel elements. The 3D model should be used to estimate the element mass
for future structural calculations. Drawing changes should also be disseminated to the thermal,
hydraulic, nuclear, and structural analysts to confirm their models, calculations, reports, and
references are correct.

It is recommended that with the creation of new fuel element drawings, a new name be given to the
ATR LEU fuel element to distinguish the final design work from the conceptual or scoping work
done under the titles Mark 1A and ELF. The recommended name is the LOWE element, simply
standing for low enriched. The name or acronym used for the fuel element has implications in the
SAR. LOWE was selected to avoid confusion with other acronyms and descriptions already in use. If
future variations of the new element with different plate loadings are required for ATRC or to
minimize Beryllium cracking, a “type” designator could be added i.e. LOWE Type 1 and LOWE
Type 2.

Although the drawings for the fuel elements require some refinement, it is recommended that the
current element design be approved for fabrication. Very small changes to plate positions and channel
gaps are expected as well as clarification on the fuel foil location. There are no expected changes to
fuel foil and cladding thickness. The fabrication of fuel plates can begin with no increased risk while
the remaining details are worked out.
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Appendix B

Comment Review Sheets

41213 DOCUMENT MANAGEMENT T
Lo REVIEW COMMENTS AND RESOLUTIONS Optional
ev.
Technical Point of Contact: |Phone No.: Return Comments To: MS: E-Mail: Comments Due By: |Reviewer's Name/Discipline: Phone No.:
MPR Anne K. McCartin 208-533-4461
Comments resolved by: Date: Signature of reyiewer accepting comment resolutions: Date:
Collin Clark 120412017 GU\!\AM I WL((MLNU ([ 4[20(g

Comments, submitted within the scope of the review, should be resolved between

the issue to management for resolution.

reviewer and document owner, or their agent. If an acceptable resolution cannot be negotiated, the reviewer may escalate

Document ID: 1129-0076-
CALC-006

Document Title: ATR LEU Cycle R1 Analysis

Revision ID Revision 1 ‘eCR No.:

Page | Section or

Itsm:Ho. No Zone

Review Comment

Comment Resolution

1 3.1

3.1 and throughout — we should eliminate use of PALM, The use of PALM for a high
power cycle is slang and can be misleading. PALM is eonly indicative of the hardware

that cycles a test in and out of the core, and the hardware is also frequently used throughout the document.

during lower power cycles. The R2 analysis is not evaluating any cycled experiments,
s0 we should not be referring to it as a PALM.

Changed the naming convention from “PALM
Operation” case to "Steady Operation” case

Page 1




412.13 DOCUMENT MANAGEMENT TrackingNo:
04/14/2009 REVIEW COMMENTS AND RESOLUTIONS i
Rev. 08
82?3?;8& ID: 1129-0076- Document Title: ATR LEU Cycle R1 Analysis Revision ID Revision1 [eCR No.:
Page | Section or "
Item No. Ng Zoine Review Comment Comment Resolution
2 3.3 This section (and elsewhere) states that the SBLOCA case represents a 3-in. break | The SBLOCA is modeled with a 3 in. equivalent
in a demineralizer line. The SAR SBLOCA is a DEOS of the 6-in line leading from the |break size using component 594 in the
36-in reactor vessel inlet line to the bypass demineralizer downstream of a 2.5 in. RELAPS deck. This component represents a
orifice (which is assumed to have a diameter of 3 in.). Please clarify the break 3 in break in the 6 in. bypass demineralizer line
location. (component 593), just as is modeled in Section
15.6.4 of the SAR. MPR has adjusted the
wording in the calculations to clarify the location
of the break.
The sentence discussing the SBLOCA in
Section 3.3 has been changed to,
“The SBLOCA case represents a break in the 6
inch bypass demineralizer line downstream of a
2.5 inch orifice that is modeled as a 3 inch
orifice for this analysis. This case challenges
the Emergency Coolant Pump (ECP) and
Emergency Firewater Injection System (EFIS)
to protect the fuel.”
In Section 9.2 the first sentence has been
replaced with,
“The SBLOCA is initiated by opening a 3 inch
break in the 6 inch bypass demineralizer line.”
3 4.0 Similar to my comment on the R1 analysis. Position 18 is known to be limiting based |The purpose of the Cycle R1 and R2
on it having the peak point-to-average power density for a 70/20 split. Table 4-1 calculations is to provide reasonable
indicates that the limiting element x-x-18 was a fresh element for this cycle. Since confidence in the safety of using ELF Mk 1A
some material properties are influenced by fission density, how does this analysis fuel in the ATR core as a driver fuel. It is
provide reasonable assurance that acceptable margins will be demonstrated for acknowledged that the Cycle R1 and Cycle R2
recycled fuel elements in that position? calculations are limited in scope and still in the
conceptual design phase. Future calculations
will be needed to further refine the safe power-
to-burnup envelope for specific positions
throughout the core.

Page 2




41213
04/14/2009
Rev. 08

DOCUMENT MANAGEMENT
REVIEW COMMENTS AND RESOLUTIONS

Tracking No.:
{Optional)

Document ID: 1129-0076-

Document Title: ATR LEU Cycle R1 Analysis

Revision ID Revision1 [eCR No.:

CALC-006
Page |Section or i
Item No. No Zone Réilew Garmmiar Comment Resolution
4 5.5 This discussion needs clarification that these are not the SAR-153 acceptance criteria|Added the following sentence to the end of the

but proposed acceptance criteria for LEU fuel. Note — SAR wording for Condition 2
has changed and is not consistent with what is presented herein.

first paragraph in Section 5.5.

“Due to differences in the LEU fuel design and
analysis methodology, the acceptance criteria
proposed in Table 5-1 are different than the
ATR SAR; however, the acceptance criteria in
Table 5-1 are consistent with the safety basis
and intent of the ATR SAR.”

The last sentence of the paragraph describing
a Condition 2 event has been changed to
reflect the wording found in SAR-153-15-0,
Revision 25. This sentence now reads,

“No rupture of the fuel plate cladding is
allowable unless the accident is a fuel failure
which occurs independent of a reactor, PCS, or
canal accident.”

Page 3




412.13 DOCUMENT MANAGEMENT Tracking No.: — e
04/14/2009 REVIEW COMMENTS AND RESOLUTIONS P
Rev. 08
Document ID: 1129-0076- Document Title: ATR LEU Cycle R1 Analysis Revision ID Revision1 |eCR No.:
CALC-006
Page | Section or .
Item No. No Zone Review Comtmsnit Comment Resolution
5 7.1.2  |This section should provide some clarification for the reader that these transient Based on the multiple comments about the
cases are not representative of the Chapter 15 bounding accident analyses. ATR SAR, the purpose statement (Section 1.0)
Specifically, the steady state conditions for initiation of the transients are specific to  |of this calculation is adjusted to provide clarity
this cycle and not representative of the steady state conditions assumed in Ch 15 that this is not a calculation of record for the
(they are actually higher than assumed in Ch 15). ATR SAR.
The following sentence is added to the end of
the first paragraph of Section 7.1.2.
“The transient cases in this calculation are not
intended to represent the bounding accident
transients of the ATR SAR.”
Added the following sentence to the end of the
paragraph under Initial Conditions.
“The initial conditions in this calculation are not
intended to represent the initial conditions used
for the accident analyses in the ATR SAR.”
6 7.1.5 |Bullet following Figure 7-14. The analysis cites a SIPT experimental loop power The 694 kW total experiment loop power is

adjustment to 694 kW per Roth. Question — the Roth analysis assumes 250 WM for
the loop MOD3 model and 179.5 MW for the core MOD2.5 model. | am not clear on
the interaction between the two models, but if your core model power is 230 MW, is
the 694 kW max experiment loop power calculated in Roth still representative of the
max experiment loop power or could the max be higher?

appropriate since it produces an experimental
fission power of 200 kW, which is the
operational limit given for the SIPT in
EDF-4520. This assumes that the SIPT model
power distribution is appropriate for an LEU
core and for all power tilts, which are both
reasonable assumptions.

An Assumption will be added to the
Calculations that states, “The power distribution
of the SIPT is assumed to be unchanged due to
LEU fuel or due to the modeled core power tilt.
These are reasonable assumptions since the
SIPT power distribution is primarily an axial
distribution, which is very similar for LEU and
HEU fuel, and for different core power tilts.”

Page 4




412.13
04/14/2009
Rev. 08

DOCUMENT MANAGEMENT
REVIEW COMMENTS AND RESOLUTIONS

Tracking No.:
(Optional)

Document ID: 1129-0076-

CALC-008 Document Title: ATR LEU Cycle R1 Analysis Revision ID Revision1 [eCR No.:
Item No. Pﬁge Se;tulr;rel o Review Sonimient Comment Resolution
7 8.0 |The paragraph discussing use of ATR-SINDA on bechler should include Added the following sentence to the end of the
acknowledgement that use on bechler has not been qualified under the INL QA paragraph discussing ATR-SINDA.
program at the time of this calculation’s signing (similar to what was identified for
SASQUATCH). “This program is undergoing qualification under
INL's QA program for use on bechler at the
time of this calculation’s signing.”
8 9.2.1 |Editorial. First sentence should read “sequence of events...” Same comment for 9.3.1 |Fixed.
and 9.4.1.
9 10.0 |Reference 14. Editorial. National is spelled wrong. Also, the GDE is not issued in Fixed.
EDMS. It either needs issued or should be cited as draft.

10

Page 5




41213 DOCUMENT MANAGEMENT TrackingNo..

04/14/2009 REVIEW COMMENTS AND RESOLUTIONS (©ptonah

Rev. 08

Technical Point of Contact: |Phone No.: Return Comments To: MS: E-Mail: Comments Due By: |Reviewer's Name/Discipline: Phone No.:

MPR Anne K. McCartin 208-533-4461
Comments resolved by: Date: Signature of reviewer accepting comment resolutions: Date:

Raheem Rashid

12/5/2017

D Wiy 1 algorg

Comments, submitted within the scope of the review, should be resolved
the issue to management for resolution.

between reviewer and document owner, or their agent. If an acceptable resolution cannot be negotiated, the reviewer may escalate

Document ID: 1129-0076-

CALC-003 R1 Document Title: Mark1A ELF Thermal Hydraulic Inputs Revision ID Revision 1 IeCR No.:
Page | Section or .
Item No. No Zohe Review Comment Comment Resolution
1

List of References. References 8 and 22 are out of date and should reflect the current Agreed. Reference 8 has been changed to spc-

versions at time of issue.

1635 which contains the fuel plate
specifications referenced. SAR-153 is replaced
with the SINDA-SAMPLE manual in the
reference list to avoid referencing the SAR.
SINDA-SAMPLE Heat Transfer Correlation
Uncertainties citation has also been corrected.

11
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412.13 DOCUMENT MANAGEMENT Tracking NQ':W
04/14/2009 REVIEW COMMENTS AND RESOLUTIONS SR
Rev. 08

Technical Point of Contact: |Phone No.: Return Comments To: MS: E-Mail: Comments Due By: |Reviewer's Name/Discipline: Phone No.:
MPR Anne K. McCartin 208-533-4461

Comments resolved by:

Collin Clark

Date:

12/4/2017

Signature of revimng comment resolutions: Date:
LM (ablrpn 1[4lZprg

Comments, submitted within the scope of the review, should be resolved between reviewe

the issue to management for resolution.

r and document owner, or their agent. If an acceptable resolution cannot be negotiated, the reviewer may escalate

Document ID: 1129-0076-
CALC-002

Document Title: ATR LEU Cycle R1 Analysis

Revision ID Revision 1 {eCR No.:

Page | Section or

Item No. No Zotie

Review Comment

Comment Resolution

1 3.2

Item 4 should be reworded to eliminate use of PALM. The use of PALM for a high

power cycle is slang and can be misleading. PALM is only indicative of the hardware description of Cycle R2.

that cycles a test in and out of the core, and the hardware is also frequently used
during lower power cycles. The R2 analysis is not evaluating any cycled experiments,
so we should not be referring to it as a PALM.

as the “steady operation” case to

calculation.

The mention of PALM is removed from the

The “normal operation” case is now referred to

be consistent

with the new terminology in the Cycle R2

12
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412.13
04/14/2009
Rev. 08

DOCUMENT MANAGEMENT
REVIEW COMMENTS AND RESOLUTIONS

Tracking No.:
(Optional)

Document ID: 1129-0076-

Document Title: ATR LEU Cycle R1 Analysis

Revision ID Revision1 |eCR No.:

CALC-002
Page | Section or .
Item No. No Zone Review Gommarit Comment Resolution
2 3.3  |This section (and elsewhere) states that the SBLOCA case represents a 3-in. break | The SBLOCA is modeled with a 3 in. equivalent

in a demineralizer line. The SAR SBLOCA is a DEOS of the 6-in line leading from the
36-in reactor vessel inlet line to the bypass demineralizer downstream of a 2.5 in.
orifice (which is assumed to have a diameter of 3 in.). Please clarify the break

location.

break size using component 594 in the
RELAPS deck. This component represents a

3 in break in the 6 in. bypass demineralizer line
(component 593), just as is modeled in Section
15.6.4 of the SAR. MPR has adjusted the
wording in the calculations to clarify the location
of the break.

The sentence discussing the SBLOCA in
Section 3.3 has been changed to,

“The SBLOCA case represents a break in the 6
inch bypass demineralizer line downstream of a
2.5 inch orifice that is modeled as a 3 inch
orifice for this analysis. This case challenges
the Emergency Coolant Pump (ECP) and
Emergency Firewater Injection System (EFIS)
to protect the fuel.”

In Section 9.2 the first sentence has been
replaced with,

“The SBLOCA is initiated by opening a 3 inch
break in the 6 inch bypass demineralizer line.”

Page 2




412.13 DOCUMENT MANAGEMENT TrackingNo:
04/14/2009 REVIEW COMMENTS AND RESOLUTIONS {RRRRD
Rev. 08
(D:Zilg‘gg; ID: 1129-0076- Document Title: ATR LEU Cycle R1 Analysis Revision ID Revision1 |eCR No.:
Page | Section or ;
Iltem No. Ng Fone Review Comment Comment Resolution
3 3.6 Editorial. Second paragraph. Second sentence is missing an “of”. “...because the Corrected during Nolan’s review.
combination of its power and fission density...”
4 4.0 Position 23 is known to be limiting based on it having the peak point-to-average The purpose of the Cycle R1 and R2
power density for a 60/40 split. Table 4-1 indicates that the limiting element x-x-23 calculations is to provide reasonable
was a fresh element for this cycle. Since some material properties are influenced by [confidence in the safety of using ELF Mk 1A
fission density, how does this analysis provide reasonable assurance that acceptable [fuel in the ATR core as a driver fuel. It is
margins will be demonstrated for recycled fuel elements in that position? Figure 3-1 acknowledged that the Cycle R1 and Cycle R2
indicates many once used (and twice) used elements with much higher fission calculations are limited in scope and still in the
densities. conceptual design phase. Future calculations
will be needed to further refine the safe power-
to-burnup envelope for specific positions
throughout the core.
5 5.5  |This discussion needs clarification that these are not the SAR-153 acceptance criteria|Added the following sentence to the end of the

but proposed acceptance criteria for LEU fuel. Note — SAR wording for Condition 2
has changed and is not consistent with what is presented herein.

first paragraph in Section 5.5.

“Due to differences in the LEU fuel design and
analysis methodology, the acceptance criteria
proposed in Table 5-1 are different than the
ATR SAR; however, the acceptance criteria in
Table 5-1 are consistent with the safety basis
and intent of the ATR SAR."

The last sentence of the paragraph describing
a Condition 2 event has been changed to
reflect the wording found in SAR-153-15-0,
Revision 25. This sentence now reads,

“No rupture of the fuel plate cladding is
allowable unless the accident is a fuel failure
which occurs independent of a reactor, PCS, or
canal accident.”

14
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412.13 DOCUMENT MANAGEMENT TrackingNo.:
04/14/2009 REVIEW COMMENTS AND RESOLUTIONS (Optionah
Rev. 08
gchlg‘ggé ID: 1129-0076- Document Title: ATR LEU Cycle R1 Analysis Revision ID Revision1 |eCR No.:
Item No. Psge Se;gﬁz or Review Commerit Comment Resolution
6 7.1.2  |This section should provide some clarification for the reader that these transient Based on the multiple comments about the
cases are not representative of the Chapter 15 bounding accident analyses. ATR SAR, the purpose statement (Section 1.0)
Specifically, the steady state conditions for initiation of the transients are specific to  |of this calculation is adjusted to provide clarity
this cycle and not representative of the steady state conditions assumed in Ch 15, that this is not a calculation of record for the
and the scaling of the loop power for the LOCP is also cycle-specific. ATR SAR.
Added the following sentence to the end of the
first paragraph of Section 7.1.2.
“The transient cases in this calculation are not
intended to represent the bounding accident
transients of the ATR SAR.”
Added the following sentence to the end of the
paragraph under |nitial Conditions.
“The initial conditions in this calculation are not
intended to represent the initial conditions used
for the accident analyses in the ATR SAR.”
No change is made for the scaling of the loop
power. The second bullet in Initial Conditions in
Section 7.1.5 states that the scaled loop power
is cycle specific.
7 22 Editorial. First paragraph under Pump Parameters is missing a period. Fixed.
8 8.0  |The paragraph discussing use of ATR-SINDA on bechler should include Added the following sentence to the end of the
acknowledgement that use on bechler has not been qualified under the INL QA paragraph discussing ATR-SINDA.
program at the time of this calculation’s signing (similar to what was identified for
SASQUATCH). “This program is undergoing qualification under
INL’'s QA program for use on bechler at the
time of this calculation’s signing.”
9 9.1.1 |Table 9-1. Note 2. Editorial. Delete extraneous “is @” — “... and vessel inlet pressure |Corrected during Nolan's review.
are isa constant RELAPS inputs.”
10 9.2.1 |Editorial. First sentence should read “sequence of events...” Same comment for 9.3.1]Fixed.

and 9.4.1.
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gf\i%r?ggém: 1128-0076- Document Title: ATR LEU Cycle R1 Analysis Revision ID Revision 1 |eCR No.:
Page | Section or ;
Iltem No. No Zona Review Cafiirient Comment Resolution
11 10.0  [Reference 14. Editorial. National is spelled wrong. Also, the GDE is not issued in Fixed.
EDMS. It either needs issued or should be cited as draft.
Page 5
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41213 DOCUMENT MANAGEMENT Tracking Ka.:

D 463009 REVIEW COMMENTS AND RESOLUTIONS Ty
(=1"
Technical Point of Contact  |Fhone Mo [Return Comments Ta: M E-Mail: Comments Due By: [Revawer's Name/Disciglhne: Phone Me.:
Bayd Christansan Flaa | .
Comments resched by: Date; Sig of J: Tl ] | resaludions: Data:
Thomas Maddock Unknown 89 ¥

Comments, submitted within the scope of the meviee. Should be mesalved bebseen reviewer and dacurrent swner, or their agant. I an acceplable resolullon canno be negatiated, the feviewsr may sscalate
the i=sue o management for resolution.

m&ﬁg.ﬁ% Document Titke: Revision [D: |gE:R Ho.:
Page | Seclion or
——_ Ry Zona Review Comment Ctlnmenlulliemlun
E 9of 39 11 SPC-1684, Edttanal: In line 13 of the first para "This document is intended to be Accepled, the change will be made

uged...” Meed to add the word "as”
2 11 of 13 |Cale-003, Editorial: In the first two para after Figure 1, be consistent in the use of Do not agres. The word nineteen’ Is not used
a9 "nineteen” curved platas and "19° in the calculation,

3 10.0 | Cale-002, Spell checkReferences: 3 {Laboratones to Laboratory), 14 (Natioan Fixed.
Laborataries to National Laboratory), 19 {Laborateies o Laboratory)

4 T.0 |Calc-003, Spell check Ref 13 (Leboratory, not Laborateries) This reference s deleted from the proposed
reny. 2 warsion of this calculation to resobve
another review comment for this calculation,

Fage 1
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041412008 REVIEW COMMENTS AND RESOLUTIONS e
Y.
Technical Point of Confact  |Phone No.:  |Ratum Comments To: M5: E-Mail: Comments Dua By: |Reviewar's NameiDisqipling: Phana No.:
Ead Fﬂﬁwﬂhamm:.-ﬂmulin:& dohin | B30-252-4277
Commants resofved by: gnatura of reviewsr sccepting comment resoiutions: Diatac

__?_—W /ﬁ/{ﬂ?ﬁ _M’\ﬂ (Tmn S = m-::) A2MEHMT

Commeanis, suomited within fe scope of the reviow, should b resabeed batwaan revdser and documend awnar, of Felr agenl. ¥ Bn acoepiable ressluian cannol Be negotiated, the redewer may escalats
tha sue bz mansgemen for resciution,

Document 1D 1123-0076-

|CAL C-003 Revigion 1 Dscument Tle: Mark 14 ELF Tharmal Hydraulic Inputs Revision 1D: 1 |a|::P. M.
Page |Section or
ttarm Ma. Py Zone Revitw Comanant Commant Raszolution
1 3 Fueled |When the equation for fueled wicth is eveluated using the fuel plale radi derived from [There Is a typographical error In the equation.
Width |Section E-E, Sheet 3, of DWGE-8504400, it does not mateh tha values aof the fuel width [The widing of the side plate water channels 2 x
reparted in Table 4-1 {page 9). 0.032" are also sublracied from the fuel

|element envelope.

This is accounted for in the fueled widths
reporied in Table 4-1, so the values are corect.
The equation will ba updated bo reflect the
contribution of the side plate walsr channals.

RESPOMSE FROM ANL; This Baue was
previgusly ideniified and addressed &s
documented In AMURTRTM-17/5, Seciion
4,34, where MPR noted that the elemant
spacing should mot be included in the
caiculation of the fuel arc width, The radiii in
Saectlon E-E, Sheel 3, DWG-G04400 ara
relatative to a centroid formed by twio lines that
run along the outside edge of the side plates,
and thus exclude the spacing betwean
elemenis when they ere loaded in the ATR
care, However, while the fuel meat arc widths
reported n Table 4-1 of the subject reporet are
calculated with a formula that uses the element
spacing, the analysis appears to be
conservative. We accept the resolution.

Prage 1
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41213 DOCUMENT MANAGEMENT Tracking NOJW
04/14/2008 REVIEW COMMENTS AND RESOLUTIONS i
Rev. 08
Document ID: 1129-0076- T o g ;
CALC-003. Revision 1 Document Title: Mark 1A ELF Thermal Hydraulic Inputs Revision ID: 1 eCR No.:
Page | Section or .
ltem No. Mo Zaria Roview Comment Comment Resolution
3 21 Fuel [This may be a typographical error, It appears that "Reference 13" was inadvertently | This error has been addressed and corrected in
Blistering [substituted for "Reterence 9". another review comment and resolution form.
Temp.
Correlatio RESPONSE FROM ANL: It is uncertain what
n the resolution of this comment is. Nonetheless,
as this is a typographical error, we
acknowledge that the error has been corrected.
4 20 Plate |This may be typograghical error. The term "t0" in the denominator should be in the This error has been addressed and corrected in

Swelling
Correlatio
n

numerator. As written, the equation evalutes to an incorrect value for the plate
thickness increase due to swelling.

another review comment and resolution form.

RESPONSE FROM ANL: It is uncertain what
the resolution of this comment is. Nonetheless,
as this is a typographical error, we
acknowledge that the error has been corrected.

19
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41213 DOCUMENT MANAGEMENT Tracking No.:

0411412009 REVIEW COMMENTS AND RESOLUTIONS el
Rev. 08
Technical Point of Contact:  |Phone No Return Comments To: M5: E-Mail: Gomments Dua By: |Reviewer's Name/Discipline: Fhone Mo
Juh.n sﬁlman.'r-.luulmnlua Lara BIAN-FE2-ATTT
Comments ragalved by: Date Signature of reviewsr accepting mmmm1 resglutions: Date:
Thomas Maddock Uﬂhlmm h\f\ (.}dk,\_ﬁ’{.ﬂ[m 1211817

Comments, sLuomitted within the scope of tha revicey, Showld be resohsad bebwear reviewer and docurment owrer, of their agent If an acceplable resplution cenrol be negodiated, tha revieswsar may ascalate
the iESwe b managemant Tof resoluton.

Document ID: DWE-E4400 |Document Titke: ATR Enhanced LEU Fuel (ELF) Elemant Assembly Revision 10: eCR Mo, |
Page | Section or .
tem Mo | © 2 Zane Raview Comment Commeant Resolution i
1
1 3 The fugl core boundary i draem with 2 minimum cora boundary that i 0.570 inches | The fuel core boundary and the associsted

from the ends of the fual plate and a maximum core boundary that is 0.370 inches dimensions and talerances will be redrawn in a
from the ends of the fuel plate. The nominal fuel plate length is 48,5 inches. For the  [way that inculdes the neminal value of 45

| fuel core 1o fit within the minimum ard maximum core boundaries, the fuel core inches and maintaing the same acceptable
length must be batween 48.36 and 4876 inches, but the nominal fuel core length for |range of .4 inches an the fangth.

ATR fuel is 48.0 inches.

AML RESPONSE: We acceptl the resaluticn.

Page 1
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41273 DOCUMENT MANAGEMENT TR, e

gﬂﬂf: ﬂiﬂm REVIEW COMMENTS AND RESCLUTIONS
Tachrical Poirt of Condacl:  |Phorae Ma.: Fadurn Comiments Ta: M5: E-fail: Comments Due By | Resierssr's MameiThscipine: Phone Ho:
Earl Fuunmu‘l'hurrrﬂj Hycrauics & bohn | &50.982-4977
Gunmmurummh'.'r Signalune of Feviswar aciepling commant Iﬂu‘h‘ﬂ Data:
Thomas Maddock Un]muwn M{?ﬁknﬁj 12187

Coamments, subsidlled wisin e Saoga oF e dassors, S b B sgesd v Db nwheer and doomant cenes, of e apent. Han acoepiable resolision canmod be negoisted, e nesissssr moy sscabais
this lssui B maragemer for resolution.

Document i0: ECAR-B162 |l:rmmml1'r|h: ELF Concapd Sinacinas Evakeation for ATR Vissed Loadings Iﬂmﬂ Itk aCR Mo

| Fage |Sacicnor

gl P T Commant Resoktion

Ingn Mo

1 15 |Cordilion | This is & typographecal erer, The second buliet states shat the "Greater than Jinch | The typo wil be aurrected 1o oy 0.5 inslesd of
4 RiA | FA bemperalunes, " This should be "Graater then 0.5-Inch emperahsnes, dinch.

ANL RESFOMNSE: We sccepl e rasolion,
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41213 DOCUMENT MANAGEMENT Tracking No.:

04/14/2009 REVIEW COMMENTS AND RESOLUTIONS S
Rev. 0§
| Tachnical Poind of Contaclk Ith i, Raurm Cormmssnls To: M5 E-Miail: Comments Due By: |Reviewar's Nama/Discipline: Fhone Mo.:
| .h::hn Slillnmmum‘i:s & Lara &30-252-4277
Commeants resshad by: Signatura of reviewsar Bocepting cnmmant r‘EEbEIII.leﬂ' Dt

[
E Matt Johnson Uﬂl-:mrwn Mﬁh&%—.l (1 m\; 12MHT

Commanis, submitbed within tha scope of the reviaw, shouid be resalved babwean raviewer and documand caner, or their agent. If an acoeptabia resoiution cannat be necoliaiee, the raviewsr may escalale
ma isauE ko manageenant for reaciuiion,

|Document ID: ECAR-3503 |D|:k:umant Title: Serpent Model Used in ELF Mk 1A Conceptual Design Meulronics Analysis Rawision D aCR Mo
T
e Fﬂgﬁ | “i':ﬂ“;“ S Comment Resolution
1 11 B.Z21 |Typographical error. It is stated that all coolant channeds in the mocel are 0.0307 cm | Sentence changed 1o “All coolant channals are

| wide, All eoslant channels are modeled as the same width {more commanly, the teem (0.1981 em thick"

F thickness s applied to this dimension), Channels 1-10 in the ATR element are 0.078
[ inchas "thick," which converts to 01981 cm. Suspect that a unils conversion error AMNL RESPOMSE: Wa accapl the rasolulion.
| was mada in reporting the value in the text,

Fagn: 1
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1Document ID: ECAR-3908 |Document Title: Serpent Model Used in ELF Mk 1A Cenceptual Design Neutronics Analysis Revision ID: :eCR No.:

Item No.

Page | Section or

No

Zone

Review Comment

Comment Resolution

2

"

Table 2

Serpent model may use a fueled width that is narrower than the nominal fuel
dimensions. This is conservative in some respects. For cycle length may be non-
conservative. The as-modeled dimensions for the fuel meat of each plate is given.
Using the arc length and avg. radius values specified in Table 2, assuming a side
plate width of 0.187 inches, and the equation for the fueled width provided on page
31 of MPR report 1128-0076-CALC-003, the correpsonding unfueled width from the
edge of the fuel meat to the side plate can be calculated. This calculation yields an
unfueled width of 0.127 inches. This value is within the range of 0.045 to 0.145
inches for the unfueled width specified in Section E-E of Sheet 3 of DWG-604400.
However, it is wider than the nominal unfueled width of 0.095 inches.

23

The mean fuel meat arc lengths provided in
Table 4-1 of 1129-0076-CALC-003 match the
Serpent model. The fuel meat arc length
formula given in the MPR report contained a
type that has been fixed. To summarize, if 45
degrees is used for 8 and 187 mils is used as
the sideplate thickness, the water gap between
elements must also be included in the formula
like so:

W_f=2*R_f*0/360 - 2*W_sp- 2W _(sp-f)-
W_wg

where W_wg is the water gap width of 0.064
mils. This formula is consistent with the centers
of the fuel plate radii being coincident with the
center of the flux trap. The nominal unfueled
widths can be back-calculated correctly using
this formula along with arc lengths and radii
from ECAR-3908.

Additionally, | have verified that the unfueled
width in the Serpent model is correct by
examining the surface definitions in the input
and manually calculating the distance between
the planes that define the inside of the
sideplate and the fuel meat edge.

RESPONSE FROM ANL: This issue was
previously identified and addressed as
documented in ANL/RTR/TM-17/5, Section
4.3.4, where MPR noted that the element
spacing should not be included in the
calculation of the fuel arc width. The radiii in
Section E-E, Sheet 3, DWG-604400 are
relatative to a centroid formed by two lines that
run along the outside edge of the side plates,
and thus exclude the spacing between
elements when they are loaded in the ATR
core. However, while the fuel meat arc widths
reparted in Table 2 of the subject report B78¢ 2
calculated with a formula that uses the element
snacing. the analvsis annears to he




412,13 DOCUMENT MANAGEMENT Teacking Ne.:

04/142008 REVIEW COMMENTS AND RESOLUTIONS e
Rev, 08
Technical Point of Contact:  |Phone Mo [Retuss Comments To: MS: E=Mlail: Comments Due By |Revigwer's Name/Discipling: |Phane MNo.:
John Silliman/Neutronics & Lara | 630-252-4277
Comments resolued by: Diata: Signature of reviewer accepting comment reaolutions: Date:
Matt Johnson Unknown Mﬂ'l—“g-‘- \ i.[ms-..,\ —Azi18MT

Comments, submitied within the scope af the raview, should be resclved between reviewsar and decument owner, of thar sgant. M en ecoapiadle resolullon cannel ba negaliated, tha reviewer may sscakate
thi issus 1o management far resalkution,

Document ID: ECAR-3003 |D4:-|:umant Tilla: Results of ELF Mk 1A Concaptual Design Meulronics Anal yaks Revision |0: |8CR Mo.:
Page | Saction or!
Iterm Mo Mo iy Fiviesss Comminnt Comment Resaltion ;
| | B.1 Typographical arror near the boliom of the page. It is stated that "element 5 has a Sentence corrected to read ©. . and position 30

history of "34-30", meaning it ococupied position 34 during P4 and position 30 during  |during P2
P1.” The last occurrence of "P1" in this sentence should be "P2",
AMNL RESPONSE: We accept this resolution.

2 10 | Table 3, |Typographical error, The EQC exposure is given in unites of MW. This should be Units changed o MWd
4 W,

AML RESPONSE: We accapt this resolution.

Page 1
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04114/2008 REVIEW COMMENTS AND RESOLUTIONS P
R, 08
Tachnical Point of Contact;  |Phone Mow | Retum Comments To: IMS: E-Mail: Comments Ouws By: | Rewviewer's Name/Discipline: Phone No.:

i ‘J_‘d'm SﬁITEn:'NB':llmnics & Lara BI0-252-427T |

Comments resolved by Date: $|Kuzf:mrlmr accapting comment reselutions: Date: |
Thomas Maddock Unknown | C?%S?E'. { m\ 1211817
Cromments, submille within the soooe of the review, should ba reschwed betwsen reviswer and docum ant gwnar, o thalr agent, If an scceptatle rmsciution cannal be negotated, the reviewar may edcalate
thi s o management for resolubon

Dpcument I0: SPC-1694 an:m::i Titke: Spacification for Advanced Test Reactor Low Ennched ranium (LEL) Fuel Revislon ID: oCR Na- |
Page | Section ar .
hem No. | "C8% 15 e Review Comment Carmment Rewsutin
1 19 3.3.1.1 |Itis stated {hat fuel bearna plates "shall be in compliance with Section 3.1 of this Changed to read “shall be in compliance with
specification.” Seclien 3.1 of B8PC-1624 specifies requirements for the fuel fail. Section 3.1 and 3.2 of this specification.”
| Should Section 3.2, which speciiies requiremeants for the fuel plates, also be included
| in this statemnent? ANL BESPONSE: We accept the resolution.

2 [ 3536 & Recommend using the definitions in SPC-1635 (Rev. 8, dated 10/31/17). This would | The term “Fuel Meat" will be remaved from the
be especially helipful for the definitions of Diffusion Barrier Layer, Fol, Fuel Core, dafinition list and other definitions will b

Fuel Plate, and Fual System_ The term “Fuel Meat” is used in SPC-1694, but thisis  [revised o be consistant with the latest varsion
| not the typical term for monalithic fuals. of SPC-1635

ANL RESPONSE: We accept the resolution.
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ﬁ“;ﬂﬂm REVIEW COMMENTS AND RESOLUTIONS
Tichnical Paint of Gontact: |n-nn- Na.: |mm Cormerts Ta: ME:  |E-Mait Comments Dus By: |Reviewsr's NemaDhcgline: Fhona Mo
Mate Cichan: Mecharics Engineerng 5338
Comments resclvad by: Dala: of resilrmnr pling commend resalutions: D
Thomas Maddock Unknown 2004 Jan 25
‘Comments, submitied within fie scops of Tre reviesy, should be resoksd batwesn sevswar snd docemen geser, of their agenl I i dcsaptabin semchution cannal be negatiaied, S e Say escalsls
e e b maragemant for resalulion
Document ID: ECAR-3162  |Documant T ELF Concept Structral Evaluation Reision I - |u{:ﬂ N -
e Ng, | P | Section ar e Cammant Resclution
1. B25 | Weight |Dry weight s calcidated ai 41.3 I and drawing says 273 o A suggesied change was added io the

document in EDMS 1o correct this ermar whan
tha documant |8 reviged next, A revision &

planmed for 2018,

2 Ba1. | Hem 32 (Actual weld area is machined down to remove slots from side plales | believe that A suggested change was added o the

B42Z the model incorecily has oo much cross-sectional area in the weld regicn, dosument in EDMS 1o cormect this armar whean
e document is revised nexl. A revision is

|planned for 2018

Changes to be made at revision 1

01/23/18. Suggeshon ID

23159, 23160 and 73161

Page 1
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Technical Point of Contact:  |Phone Ma.: Return Comments To: ME: E-Mail; Comments Dus By: |Reviewsr's Mame/Discipline: |Phuna Mou:
Mate Oldharn Mechanical Engineering | 65335
Comments resolved by: Date: &wuu of reviewer comrment resolutions:; Date:
Thomas Maddock Unknown e = 288 Tam 25

Comments, submitied within the scops of e revidw,
the isswe o menagament for resoldion,

should be resalved bebwesan reviewer and document cwner, or thair ager. I an acceptable reepiutiss cannat be negetiatad, the reviewe: may escalate

|DD¢um Title: ATR ELF Elament Assemibly

Diocument ID: 604400 Revigion 10: - aCR Mo, -
Fage |Section or .
e Mo, Mo Fona Review Commen Comment Resohdion
1. 1 Weld | Thsis drawing shows a one-sided weld. |t seems more likely that this is a double Confirmed welds ara actually one sided. Mo
callout [sided wekd. change being made,
2 |1 Item 32 |Add UNS RE0001 to ttern material description. Change has been made
|

3. All All [The Mark VIl fuel element has been updated to Autodesk Inventor software. Suggest | This 5 going to be done in the near future

converting this drawing from Autocad to Invantor fo be consistent. Current drawing set is being revized one more
time.

4. 2 |[Zonecz |?he 4X on the tack weld and the 2X on the view along with the double-sided weld |Change has been made |
symbol makes it s2em like there is 16 welds, Suggest just remaoving the 4% becauss
the tail description describes it best,

A 3 Table 1 (This table along with the plate detail deseribe inspection dimensions, | suggest Ma change is currently being made, This i
adding 2 table of neminal dimensions —i.e. redius, are lengths, and fuel thickness —  |being considered for a planned drawing

. =0 that it can be modeled carmectly. ravigion in the near future.

G 3 | Zone D7 (ldantify the tooling point Change hag been made

T 3 Zane B |Add section arrows to show where the view M section is applicable, Change has been made

& 3 Zone B1 [Suggest mentioning that fuel plate items are bonded per SPC-1604. Bonding lines were updata to accurately show

haw LEU fuel is made
9 3 Zone C1 Mew M shows the Zr interlayer on the ends of the fuel meat. This is inconsistent with |2 was removed from the end of detall view.
| SPC-1584,
10 All Al [Misc. editorial comments provided per a redline markup of the drawing. Cther editorial comments were accepted.
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ev.

Technical Point of Contact:  [Phone No.: Return Comments To: MS: E-Mail: Comments Due By: |Reviewer's Name/Discipline: Phone No.:

Nolan Anderson/Thermalhydraulics

208 526-9323

Comments resolved by:

Collin Clark

Date: Sig%iviewer ccepting comment resolutions: Date:
11/17/2017 %L,/’ 12-149-)"7T

Comments, submitted within the scope of the review, should be resolved between reviewer and document owner, or

the issue to management for resolution.

their agent. If an acceptable resolution cannot be negotiated, the reviewer may escalate

Document ID: 1129-0076-
CALC-006

Document Title: ATR LEU Cycle R2 Analysis

Revision ID: 0

(preliminal B0 o

Page [ Section or

Item No. No Zone

Review Comment

Comment Resolution

1 18 713

Figure 7-6 gives the trips which shut down two of the pumps. Is the shutdown of the
third pump automatic, or does an additional trip need to be added for the third pump?

Trips 455 and 456 are time delay trips for PCPs
and are implemented for LOCA transients. Trip
455 completes the trip for pump 145 (PCP M-6)
and Trip 456 completes the trip for pump 155
(PCP M-7) and 165 (PCP M-8). Therefore,
these two trips alone accomplish the trip
function for all three PCPs during a LOCA.

In order to add clarity, an additional sentence is
added.

2 22,66 |7.1.59.4

In speaking of the LOCP case the write up talks about 2 PCPs being active, but cycle
R2 has three active PCPs. It appears that the input is correct, but the write up should

be modified to indicate that 3 PCPs are active

The write-up is modified to indicate that 3 PCPs
are active.

Trip 452 displayed in Figure 7-17 is set to 2.0 in the input deck but is labelled as 0.0

here. | believe the Trip in the write up is incorrect, but correct in the input deck.

The write up is modified to indicated that trip
452 occurs at 2.0 seconds.
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Rev. 08

Technical Point of Contact:  [Phone No.: Return Comments To: MS: E-Mail: Comments Due By: |Reviewer's Name/Discipline: Phone No.:
Nolan Anderson/Thermalhydraulics 208 526-9323

Comments resolved by: Date: Signature of reviewer accepting comment resolutions: Date:
Collin Clark 1117/2017 770'5/‘- M\/—\ | 2-/4-I7

Comments, submitted within the scope of the review, should be resol
the issue to management for resolution.

ved between reviewer and document owner, or their agent. If an acceptable resolution cannot be negotiated, the reviewer may escalate

Document ID: 1129-0076- i . Revision ID: 0 .

CALC-002 Document Title: ATR LEU Cycle R1 Analysis torelimina eCR No.:
Page | Section or .

Item No. No Zone Review Comment Comment Resolution

No comment No edits made due to comments.

Page 1
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Technical Point of Contact:  [Phone No.: Return Comments To: MS: E-Mail: Comments Due By: |Reviewer's Name/Discipline: Phone No.:

Nolan Anderson/Thermalhydraulics

208 526-9323

Comments resolved by:

Raheem Rashid

Date:

November 20, 2017

Sig%iewm resolutions:

Date:

1Z-1-)7

Comments, submitted within the scope of the review, should be resolved between reviewer and

the issue to management for resolution.

document owner, or their agent. If an acceptable resolution cannot be negotiated, the reviewer may escalate

Document ID: 1129-0076-

Document Title: Mark 1A ELF Thermal Hydraulic Inputs

Revision ID: 1 ‘eCR No.:

CALC-003
Item No. Psge Segzﬁr; or Review Comment Comment Resolution

1 10 4.1 The thermal conductivity properties listed in Table 4-2 are generated with a A fission density of 0 is assumed for input to
correlation given later in the document. This correlation is dependent on variable Fd |the RELAP model. This is reasonable because
(fission density). The properties in the table were calculated with a fission density of -|RELAP is used to model the bulk ATR system
0.0. Is this appropriate being that some of the fuel has already been irradiated? In response while ATR-SINDA is used to model
any case, a comment should be added indicating that the thermal conductivity the detailed coolant channel and plate
properties were calculated with Fd = 0. behavior. Thus material property degradation

and fuel swelling are considered in the ATR-
SINDA model, but not in RELAP5. Assumption
5 was added to the calculation to clarify this
modeling assumption.

2 10 41 The values that | calculated for the volumetric heat capacity using the provided The values in Table 4-2 are calculated using a
correlations do not match the values in Table 4-2. The differences are not huge, but | |constant U-10Mo density at room temperature.
calculated them for Fd = 0 with the exact same correlations and | got different results. |This is done to maintain the mass of fuel
This was not the case for the thermal conductivity. modeled in RELAP, which does not account for

changes in volume as a function in
temperature. A note will be added to the table
to clarify this.

3 20 5.6 Should add a note that the units that the correlations are converted to are necessary |Agreed; note added.
for input to SINDA.

4 20 5.6 Fd is listed as being fissions/cm*3, but it is actually 10421 fissions/cm”3 to make the Agreed; units for fission density are corrected.
units work.

5 20 5.6 Equation for tswell, t0 should be in the numerator. Agreed; correlation is corrected.

6 20 5.6 U10-Mo thermal conductivity equation converts T from F to K by (T+459.67)/1.8, but |Agreed; temperature conversion is made
materials.dat file uses 273.15 + (T-32)/1.8 which is equivalent, but may cause consistent between materials.dat and
confusion. calculation.

7 21 5.6  |The units for Fd for the fuel blistering temperature correlation are different than used |A new variable fd has been introduced with
otherwise. Here a value of > 1.5*10721 fissions/cmA3 is required. Should make units |units of fissions/cm3 to avoid confusion with the
of Fd consistent. varibale Fd with units of x1021 fissions/cm3.
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Item No. No Zene Review Commisht Comment Resolution
8 21 56 Did not find the equation for Fuel Blistering Temperature when Fd > 1.5 *10421

fissions/cm”3 in the Reference cited.

The reference cited has been updated.
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Matt Johnson

DOCUMENT MANAGEMENT Tracking How: |
REVIEW COMMENTS AND RESOLUTIONS Ftey
Fhone MNo.: Redurn Commenls To, ME; E-Mlail; Comments Due By: |Reviewsr's Name/Discipline: Phene Ma.:
Elpalm.lhna 11092017 Hikaru Hiruta
Date: Signature of reviewer ing comment resolulions: Date:
Unknown m - M

Comments, submilled within the scope af the raview,
the lssue to management for resalution,

ol
. should be resched between resviswar and documant awner, or their agent. IF an mh!ﬁ'mlmﬂ cannol be negetiated, the meviawer may esealdte

|Document ID: ECAR-3308 ||Jmmam Title: Serpent Modsd Used in ELF Mk 1 Concepiual Design Neuironic Analysis

Revigion |D: |a-..":Ft Mao.:
P Section or '
Iterm Mo, ;g’ Zong Review Comment Comment Resolution

1 7 4 What does “ELF" stand for? "ELF" appears in the first ime in the statermant "Tha Werding changed as recommended, |
dimension of the ELF Mk 1A element are taken ...". State a full name as B
L__F__(ELF}.

2 13 The title of Table 4 would be better to change to "Bumable region volumes in each | Tille changed as recommended
axial leval,”

2 4 851 |The first statement, "Serpent calculates reaction rates by tallying a fine-group  |Changed the staterment to; *Serpent calculates
Spectrum in 2ach material.”. Recommend to change to “Serpent calculates reaction  |the one-group cross seclions needed for the
rates ... by a unified energy grid for all materials.” and cite Serpent manual as a deplation calculation by tallying & fne-group
referance. spactrum in each material and using this

spectrum to collapse the continwous enengy
cross seclions. The fiux spectrum is calculated
using the problem's unionized energy grid
which contains abaut 200,000 points (see
Seclion 8.8.2 for additional discussion of the
unionized energy grid),

4 3% In Table 17, values in last 4 rows are not REs, so it should be mentioned in tha I split the table to show which guantities are
footnote by putting marks (*, 1). or ets) in these numbers. REs and which quanfities are +-

[3 ag Is Figure 9 really shawing the distribution of "peak” fission density? This sensitivity  [You are correct. Plot axis label and plok title
study was performed without azimuthal levels, right? Then, it should be just fission  |changed to refleet that it is the fissian density.
density instead of peak fission density?

B ag This is related to Hem Mo_ 5. Is table 18 comparing the difference of peak fission The table is comparing the peak which occurs
densities of 5- and 20-level cases which occur in the axial center of each plate or the |at the axial midplane. Added warding to section
maximum difference of the axial distribution of the fission density? 8E6.3.1

“Results are shawn in Table 21. The results are
presented as the percant difference in the peak
fissicn density (i.e. the fission density st the
core mid-plane) between the 5 lavel
discratization and the 20 level discretizafion.” |
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Document ID: ECAR-3908  |Document Title: Serpent Model Used in ELF Mk 1A Conceptual Design Neutronic Analysis Revision ID: eCR No.:
Item No. P:ge Se;g«:‘: or BEview Cadant Comment Resolution
7 40 Similarly, Is Table 20 showing the percent difference of the peak fission densities, Adjusted and added the following:
which oceur in the azimuthal edge of plates? Please clarify. “The effect on plate peak fission density at day
112 is shown Table 22. The peak fission
density always occurs on either the left-most or
right-most region of the plate.”
8 40 One more thing about this azimuthal discretization study. Do both 5 and 20

azimuthal-region cases have the same burnup zones (5 as stated in Section 8.2.1)?

This should also be stated clearly.

Yes they do use the same burnup zones. |
have written, “Two cases are considered, the
first case has an azimuthal discretization
identical to production runs. The second case
has every plate divided into 20 equally sized
azimuthal regions. Both discretizations use the
plate material grouping as described in Table
<
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[Technical Paint of Contact: Fhoni Ma.: Return Comments Te: ME: E-Mail: Comments Due By: |Reviewer's Name/Digelpling: Phane Mo,
hikaru.hiruta | 14,08/2017 Hikaru Hiruta
Comments resahed by: Dt Signature of revigwer sceepling gdmment uticms: Cata:
Matt Johnson Unknown -~ ,/ 2 ;! ~ N >
P a— 1= fil = L | —

1P is£we b managemant for resclution.

Comminis, subsilbed within the scope of the resies, shauid be rescled between reviswer and document owner, of their agert. f an acessbable rsciution cannot be negalisted, the reviewar may esu'uu:

Document ID; ECAR-3808 |[:lnr|:|.|mar1t Titte: Results of ELF Mk 1A Conczpiual Design Mautronic Analysis Revigion ID: |eEE N
Fage |Sectionor
Item Ma. :lg Zone Fosvimw Commant Comment Resclution

1 8 81 In the stalemeant of the first paragraph of Sectipn 8.1, "The first two cycles, called Changed as recommended ki
Cycle P1 (P1) and Cycle P2 (P2), ars used to generate a library of spent fusl
glements” “Spent fuel sounded like the one that has removed from the reactor and
never come back, It might be batier to change 18 ... to generate a library of once and
twice bumed fuel elements, respectively.”

2 -] g1 Similarly in the next statemant, *... a mixture of fresh and spent fuel shuffled in a Changed as recommanded
realistic manner." Change "spent fuel” to “bumed fuel”

3 g 8.1 In the sentense of the last paragraph, *... “34-30", meaning It occupied position 34 Changed
during P1 and positian 30 during P1". The secand P1 should be P2,

B4 WAt be pessible to add core map to show where positions 1-40 are? Added a core map as Figure 1

5 az 825 |InSection 8.2.5, what are the conditions (fuel temp., med. temp., and mad. density)  |Added the sentence, “Mominal fuel
for the “reference” stata for the evaluation of reactivities, They sheuld be stated in the temperature, moderator temperature, and
paragraph. moderator pressure is given in Section

8.2.2 of ECAR-3808 "

f 50-58 In Figures 9-17, iites of thesa figures should alsa indicate what they are. For Changed as recommended
instant, instead of "Figure 9: Plate 18 of element zero at P1 day 0 (left) and P1 day
3 right”, it is better to be "Figure &: Distributions of power and fission densities ovar
Flate 18 of element zero at ...~
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Document ID: ECAR-3909 |Document Title: Results of ELF Mk 1A Conceptual Design Neutronic Analysis Revision ID: eCR No.:

Page | Section or

Item No. No Zone

Review Comment

Comment Resolution

7

This is just question. In reality, will HEU->LEU transition occur by completely
removing all HEU plates and loading all fresh LEU to startup like Cycle P1 in the
report, or gradually replacing HEU fuel elements with fresh LEU fuel (if possible)? In
case of Cycle P1, were there any indications of higher peak-to-average power ratio
compared to Cycles R1 or R2? If so, are there any safety issues because of higher
peak-to-average ratio?

The intent of this design is to never operate at full
power with an all fresh core. A fully fresh core would
require burnable poison and this would affect the
power profiles and peaking in some manner,
although the magnitude of the effects would depend
on the solution used. The P1 cycle used fixed Hf
rods in the small B, A, and H positions. ECAR-2547
used Gd poisons in the large B positions to suppress
reactivity. ECAR-2546 did not report the effects on
fuel power peaking. Gd is a much blacker poison,
but the large B positions are further away from the
fuel than the small B and A positions. I'm not sure off
the top of my head whether Gd poisons in the large
B would be worse (w.r.t. power peaking) than the Hf
shims in multitudinous locations.

For a simple comparison of peaking consider the
following: The highest power density seen in the
reactor during P1 was 59.9 [kW/cm?] and the highest
heat flux was 660 [W/cm?]. The highest power
density seen during R2 was 57.8 [kW/cm?] and the
highest heat flux was 717 [W/cm?]. The peak power
density (which occurs in plate 19) is higher in the all-
fresh poisoned core, but the peak heat flux (which
occurs in plate 15 usually) is lower. How much of this
difference is due to the poisons and how much is
due to differences in OSCC rotation is not known at
this time. A more rigorous analysis is needed to
prove anything definitively, but it appears that
peaking in an all-fresh core isn't significantly worse
than peaking in an all-fresh lobe.

We will operate with an all-fresh core during post-
CIC physics testing once we have fully converted
and probably once before we start the HEU->LEU
transition process, but this is only for low power
operation.
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Watthew P. Johnsen 20B-626-2788 Anne K. MoCartin 208-532-4451
Comments resalved by: Data: Signaturg of reviewer acospling comment resclutions: Diate:
Matt Johnson Unknown M\U | (2] 14 [lT

Comments, submitted within fhe scopa of tha review, shaild be msah
the issue to managerent for resolutien,

d beatwaen

and dogument awner, of their agent. If an ssseptable resalulion cannal be negotiated, he reyiswer may ascalate

Decument ID: ECAR-3808 |Dummanl Title: Results of ELF Mk 1A Conceplual Design Heutroniz Analysis

Ravision ID: COR Draft IECR Ma.:

Pags |Section or )
liem No. ﬁ | Lone Review Comment Comment Resalution
Template Quality lavels no lenger apply to analyses. There is a new template. Changed front page to match latest termplate
7
T Saction 7 states thal the resulis of the report should not be used as inpuls to Changed sectian 7 to read: *Serpent is used in
downstream QL-1 analyses. Could a similar statement be included on page 1inthe |accordance with its code validation plan for
conclusiens section (minus the QL deslgnation — perhaps in analyses that support the |ATR LEU conversion. Sarpent is not validated
safaly basis?) far Nuclear Use.” Added the following sentence
ta the conclusions saction of the infroduction, "It
should be noted that outputs from this
analysis may not be apolied to anything
designated Muclear Use.®
B 8 First paragraph after Table 1 and throughout Please eliminats the reference to Ramoved the word PALM from the document.
"PALM" e describe the high-power cycles. The use of PALM to describa high-power  |Now | call P1 and R2 “high-power cycles”,
cycles is really slang, since PALM is actually just the experiment positioning
hardware and has not power requirements with it, and it is also used during lower-
power cyclas. Since we are not medelling positioning of an experiment throughout the
. cycle, we shouls net be calling it a PALM cycla.
82T First sentence. Should we also ba referencing the original NR requirements letter? Refarence added.
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‘Technical Foint of Contact: |Fhane No- Reeturm Comments To: M5 |E-Mail Comments Due By: [Reviewsr's Name/Discigline: Fhone Mo.:

Matthew P. Johnaon 20E-5256-2TB6 [ Anne K. McCartin 20E-533-4451
Comments resahved by: Date:

Matt Johnson

Unknown

Gignaturg of reviewer accepling comment resolufions: Diarta:
oo | e 2l 17

Comments, subsithed within the soope of the review, should be resobed
Iha Isgue to managerment for resolution,

betwaen raviewer 8nd decument owner, or thoir sgent IF an acseptable resolulion cannot b regotiated, tha reviewsr may s5calabe

Document ID: ECAR-Z00E |Dn-|:umun! Thle: Serpent Model Used in ELF Mk 14 Conceplual Design Mautronic Analysis Revision ID; COR Draft |EC.H Ma.:
Page | Section or
KA 5 Mo Zone Review Comment Comment Resolution
Template CQuality levels no longer apply to analyses. There is a new templzte, Changed the front page to match the new
7 template
] 1 Section T states that the resulls of the report should not be used as npuks to Changed section 7 to read: "Serpent is
downstream QL-1 analyses. Could a similar statement be included on page 1 in the validated for work related to ATR LEU
cenclusions section (minus the QL designation — perhaps in analyses that support the convearsion ETor Referncs souree ot found.
safety basis?) Serpent is not validated for Nuclear Use.*
Added the following sentence to the
canclusions section of the intreduction, “it
shaould be noted that outputs from this
analysis may not be applied to anything
designated Muclear Use."
821 12 Editorial, A few lines above Table 3. Sentence reads “and 15-19 are reated a8 Tweaked the wording in that section. That
uniquely...” Change uniguely to unique. sentence now reads “and 15-19 are treated

indnviduzlly,,.”
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Joe Falmer 1182017 Joff Shermanluclear Safety B-7324
Comments resolvad by: Date: Signature of reviewsr accepling comment resalutions: Date:
T. Maddock. M. Johnson. MPR_ Misc Gubifr E. iz)iz[z017

e issue io managemand for resalulion
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|Dw.lmanl Title: ATR LEU Conversion Fuel Element - Conceptual Design

Document I0: Revision ID: |ECH No.
Page |Seclan or )
HemBo. | "na Zane Faview Comment Comment Resolution
1 T sect § |ECAR-3008, editorial, fix "the that" removed "the”
] Table 1 |ECAR-2008, fuel regions row, clarify "universe 1000 meaning [Remaoved reference to universe 1000 since it
didn't really fit in the table wel, Changed the
description to read, “input fils that pieces the 40
fuel elemenis into a serpentine canfiguration”.
Also added a footnote to Table 8 explaining
that universes 1-40 contain fuel elements 1-40.
Thare is only one other reference to a universe
found Section 8.4.8, but this one is explaining
an example line of Serpent input sa 1 think it is
seff-contained enouwgh that it doesn't require
additional clarification
3 Table 3 |ECAR-3809, EOC Expoesure column header should be MWD (also in Table 4) Column header changed as recommended
4 sact  (ECAR-3808, Cycle R1 is 56 day length; why not 60 to more closely match ATR 56 days comes from the NR functional
821 |capability? requirements for cycle length, specifically 56
days at 120 MW,
& sact.  ([ECAR-3909, correct "that the an” in 1 paragraph Changed to "that an”
822
f sect.  |ECAR-3809, “were' should be "where” in 19 paragraph Changed
823
7 4 ECAR-3162, Recommendation is 1o test a full size element ta validals assumption  [This recommendation will be considered during
about Zr bond heat transfer as part of the fuel development effert. 1s there aplanto  |the final design. Currently there are no plans to
do this test prior to putting ET-1 in ATR? conduct the test.

38

Fage 1




412.13 DOCUMENT MANAGEMENT Tracking No.: i
GAAA REVIEW COMMENTS AND RESOLUTIONS Fphoay
.
Technical Point of Contact:  [Phone Mo |Return Comments To: M5 E-hiail; Comments Due By: |Reviewer's Name/Discipline: Phone Mo,
J. 0. Brower B-4457
Comments rasolved by, Dt Signal viewar accepting comment resclutions: Date;
T. Maddock. M. Johnson. MPR_ Misc O @ta J’Ez:?_f; 7

the kswe o manzgamant for

Cormments, submitied within the scope of the ewew, should be rescied batwean raviewar and decumant Mm-,
resolution.

artheir agert. ¥ an acceptable resolution cannc be negofiated, the reviewtn may sccslats

Document I0: . o de |l:rn-curmn| Title: ATR LEU Corverion Fuel Element

Revision I0: |E{3Ft Me,:

Page |Secton or
Itam No. Tane

Review Comment

Commeant Resolution

PLN- | 5af 10 1
5381

First paragraph, fourth line, typo, missing "and” between "conditicns’ and "selech”

PLM-5321 is not being reviewed as partolthe |
conceptual design review Il a revision is made
te this decurmnent the typeo will be Fooed,

FLM- 10 of [
5281 10

Table at boltam of mage, why aren't the document numbers included in the tabla?

PLM-5391 is not being reviewed as part of he
conceptual design review. Thea plan was
crested before the documents ware producad.
The document numbers weren't Included
because they weren't available at the tims.

FOR-A17| Bof & | Referenc
[ -]

[11] Why is IML Drawing 035658, "ATR Fual Elerant Mark V1 Agsembly” included as
a reference? Mark Vi ATR fusl slements weren't fabricated after the mid-1970's, The
current ATH Mark Vil Fuel Element drawing is 405400, Rev, 20,

FOR-317 is not being revewed as part of the
conceptual design review and was nat written
by the ATR conversion taam.
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Document |D; Document Title: ATR LEL Converion Fuel Element Revision 1D: eCR Mo.:

Pa Section or
Item Mao. Nge Zons - U N— Comment Resolution
SPC- All All |The faollowing is a brief summary of the most recent changes in SPC-1635 Rev. 8, Definitions have been updated. Material
1694 which should also be incarporated into SPC-1694: specifications will be resolved when drawings
* The definition of "fuel meat" was eliminated, as this is a term appropriate for and SPC-1694 are revised during the final
dispersion fuel, not monolithic fuel. The term “fuel meat" was replaced with either design.
“fuel foil" or "fuel core,” as appropriate.
* The definition of "fuel care" was revised. "Fuel Core. The uranium bearing region of
each fuel plate.”
* The definition of "foil" was revised. “Foil. A thin product of metal alloy containing
fissionable material with or without the diffusion barrier layers."
* SPC-1635, 1.05 Definitions, U-Ma Alloy, “coupons® will never be used to fabricate
U-Ma fuel cores in the future. The definition of “coupon” and the usage of the word
"Coupon” in the definition of U-Mo Alloy can be deleted from SPC-1635. The use of
“coupon” remains unchanged in TEV-2009.
* The definition of "cladding” was revised to specify that it is an aluminum alloy rather
than aluminum. The term “clad" was changed to “cladding," particularly in SPC-1635.
* SPC-1635, Section 4.05.A, will be revised as follows: "A. The as received cladding
shall be aluminum (see def.) alloy 6061 {per ASTM B209)." The Aluminum
Association prefix of "AA" will be used in front of the 081 aluminum alloy
designation. No heat treatment suffix will be specified, since the 6061 aluminum alloy
will change form during the HIP process. Other uses of UNS AS6061 or AAB061 used < £
throughout SPC-1635, FOR-158, and TEV-2009 are not reguired to be changed. ﬂ
SPC- 11 of | Figure 1 |Figure 1, Schematic diagram showing the cross section of a fuel plate will be M&?ﬂsﬁ:ecﬂcaﬁans will be resolved during
1694 39 carrected to show "AAG061 Cladding” and “U-Mao (Fuel Core)”. Barry Rabin revised  |the fina design process.
the image component labels.
SPC- All All Referencas to LEU Fuel Plate Specification SPC-1835. SPC-1635 Mo change
1684
SPC- |19&20) 331 |Materials are listed on the drawings in the material list. This paragraph was rewritten to explain
1694 of 39 materials are shown on the drawing.
SPC- | 30of | 5.81 |DO NOT DELETE "BLISTER TEST." Mo action required
1694 38
Dwag 1of3 C-8 |INSPECTION ENVELOPE, Change "2X 1.303" to "2X 1.330". Older versions of this | The dimension was changed and the note was
604400 detail on drawing 035658 included a Mote 10. "Final assembly shall fit within revised to include the pads in the inspection
inspection envelope without interference at any point (the top 2 inches and side plate |process.
pads excepted.)” The pads should fit within the inspection envelope.
Dwg | 10f3 | MNew |[Note 22. As cast, radius dimensions on upper and lower adapters, that are nat This note will be included in a future revision
604400 Note 22 |machined during fabrication, are reference dimensions established by the casting. planned for the element drawing.
These are not critical dimensions and shall not be measured.
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Page |Section or _

Itern Mo. Ne Zons Raview Comment Comment Resolution

1129- All All Historically, ATR HEU fuel elements have been fabricated with AAG081 aluminum Boron has not been part of the analysis but will

0076- alloy, which is special ordered to contain 10 ppm Baron or less. Standard AAGOG1 be considered during the final design. If

CALC aluminum alloy may contain up to 30 ppm Boron. Most of the other USHPRRs can  |analysis shows the Boron requirement can be

use standard aag061 aluminum alloy with up to 30 ppm Boron. Have the ATR LEU
neutronics analyses included the higher Boron limit of 30 ppm or less?

eliminated it will be.
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